The purpose of this study was to investigate the protective and anti-inflammatory influence of quercetin against metalaxyl fungicide induced liver toxicity and oxidative stress in rats. Forty two male albino rats were divided into three equal groups. Group I (normal group): rats administered distilled water. Group II (metalaxyl exposed group): rats received metalaxyl 1/10 LD 50 (130 mg/kg b.wt) orally three times per weeks for 8 weeks. Group III (metalaxyl + quercetin treated group): rats received metalaxyl (130 mg/kg b.wt) and treated with quercetin (15 mg/kg b.wt/day/i.p). The obtained results showed significant increase in serum liver marker enzymes (ALT, AST and ALP) activities, liver tissue L-MDA and inflammatory markers (MPO and IL-6) levels in metalaxyl exposed rats. However, activities of liver tissue antioxidant enzymes (SOD, CAT) and GSH levels were markedly decreased. Administration of quercetin with metalaxyl exposed rats caused significant improvement of all previous parameters towards its normal ranges. These results suggested that, quercetin treatment may have a protective effect against metalaxyl fungicide induced liver damage and oxidative stress in rats via anti-inflammatory activity and free radical scavenging as well as regenerating endogenous antioxidant defense system mechanisms.
INTRODUCTION
Pesticides are used extensively throughout the world to control agricultural pests and protect public health. Although these chemicals have many beneficial purposes, they can also cause adverse effects in both humans and animals. Pesticides have chronic health effects both as the sequlae of acute poisonings and through chronic exposure. There is also convincing evidence that pesticides play a role in human cancers. For example, epidemiological studies have linked insecticide exposure in the home to the development of leukemia in children and brain cancer. Many of these compounds are environmentally persistent and may not be entirely specific for their target organisms, endangering other living species, including animals and humans (Aprea et al., 2002;  BENHA VETERINARY MEDICAL JOURNAL, VOL. 33, NO. 2: 517-532, DECEMBER, 2017 BENHA UNIVERSITY FACULTY OF VETERINARY MEDICINE Ding et al., 2012) . Several pesticides exert their biological influence mainly via electrophilic attack of cellular constituents with simultaneous production of reactive oxygen species (ROS) (Al-Attar, 2015) . ROS is a main cellular source of oxidative stress and ultimately results in widespread oxidation of biomolecules includes proteins, lipids and nucleic acid (Elzoghby et al., 2014) .
Metlaxyl is used to control soil-borne diseases caused by Phytophthora and Pythium on fruits, cotton, soyabean, peanuts, ornamentals and grasses (Sukul and Spiteller, 2000) . The problems resulting from metalaxyl come from their high residual level in agriculture crops especially vegetables cultivated under greenhouse conditions and other components of environment (Pattanasupong et al., 2004) . Also, metalaxyl is soluble in water and has the potential to reach groundwater and stable under when exposed to sunlight, with a halflife 57 weeks (United States Environmental Protection Agency 1994). Metalaxyl exposure leads to abnormal haematological and biochemical activities induce oxidative stress and an observable toxicity (AlAmoudi, 2012) .
To control the level of ROS and to protect cells under stress conditions, mammalian tissues contain several enzymatic superoxide dismutase (SOD) and catalase (CAT), and reduced glutathione (GSH) that scavenge ROS. Because of continuous exposure of pesticides, the level of these endogenous antioxidants decreases leading to accelerated cell damage (Ojo et al., 2014) . Flavonoids are phenolic phytochemicals that influences in protecting cellular components against ROS (Hertog et al., 1996) . Their antiradical property is directed towards highly reactive species implicated in the initiation of lipid peroxidation. Furthermore, flavonoids are soluble chain-breaking inhibitors of the peroxidation process, scavenging alkoxyl radicals and intermediate peroxyl (Jovanovic et al., 1998). Quercetin, 3,5,7,3',4 '-pentahydroxyflavone, is a polyphenolic flavonol molecule that occurs in many fruits and vegetables such as onions, apples, soybeans, potatoes, berries, peanuts, grapes, tea, citrus fruits and broccoli (Anjaneyulu and Chopra, 2003; Bouhali et al., 2015) . Daily intake of quercetin is estimated up to 25 mg/day in a normal human diet (Dajas et al., 2003) . The antioxidant capacity of these molecules seems to be responsible for several beneficial effects and gives a therapeutic potential in diseases such as hepatic pathologies, cardiovascular diseases, gastric or duodenal ulcers and cancer (Gonzalez-Gallego et al., 2007) . Additionally, Quercetin is a stronger antioxidant than the other antioxidant nutrients such as vitamin E, C and b-carotene etc. (Rice-Evans et al., 1995) . This study was to investigate the possible protective effect of quercetin against deleterious effect of metalaxyl intoxication in adult male rats through investigation of liver functions, inflammatory markers, oxidative stress biomarkers and enzymatic antioxidant status.
Materials and methods

Experimental animals:
Forty-two white male albino rats of 4-5 weeks old and weighing 150 -200 g were used in this study. Rats were housed in separated metal cages and kept at constant environmental and nutritional conditions throughout the period of experiment. The rats were fed on constant ration and fresh, clean drinking water was supplied ad-libitum. All rats were acclimatized for minimum period of two weeks prior to the beginning of study.
Chemicals and antioxidant:
All chemicals were of analytical grade and obtained from standard commercial suppliers .The antioxidant and chemicals used in the present study were: b-Quercetin: quercetin was purchased from Aktin Chemicals, Inc. company (Nature connecting health), Chengdu, China., it administered intraperitoneal to rats at a dose level (15 mg /kg b.wt/ i.p.) once daily for 8 weeks (Khaki et al., 2009) .
Quercetin stock solution preparation:
Quercetin (100 mg) was mixed in 0.5 ml dimethyl sulfoxide (DMSO) and 1 ml Tween 80 was added then diluted with normal saline to make 7 ml injectable fine suspension and administered intraperetinoel in a volume of 0.5 ml per rat (Indap et al., 2006) . c-Other chemicals used in this study were of the highest purified grades available purchased from El Gomhouria Company for Trading Chemicals and Medical Appliances, Egypt.
Experimental design:
After acclimatization to the laboratory conditions, the animals were randomly divided into three groups (14 rats each) placed in individual cages and classified as follow:
Group I (normal control group): Rats received no drugs, served as control nontreated for all experimental groups. About 5 ml of blood samples were collected by ocular vein puncture from all animal groups two times along the duration of experiment at 4 and 8 weeks in dry, clean tubes and allowed to clot for 30 minutes and serum was separated by centrifugation at 3000 r.p.m for 15 minute. The serum was taken by automatic pippte and received in dry sterile tubes, then kept in deep freeze at -20 °C until use for subsequent biochemical analysis. All sera were analyzed for determination of the following parameters: AST, ALT and ALP.
Tissue samples:
About 0.5 gm of liver tissue specimen was taken two times from each groups of rats after had been sacrificed at 4 and 8 weeks from the onset of rats exposed to metalaxyl. The specimens were immediately removed and washed several times with saline and blotted between two damp filter papers, weighed and stored at -20°C for subsequent biochemical analyses.
Liver tissue for biochemical analysis
Briefly, liver tissues were cut, weighed and minced into small pieces, homogenized with a glass homogenizer in 9 volume of icecold 0.05 mM potassium phosphate buffer (pH 7.4) to make 10 % homogenates. The homogenates were centrifuged at 6000 r.p.m for 15 minutes at 4°C then the resultant supernatant was used for the determination of the following parameters: L-MDA, MPO, SOD, CAT. 0.2 gm of liver tissues were minced into small pieces homogenized with a glass homogenizer in 0.4 ml of 25% metaphosphoric acid (MPA) , Sigma-Aldrich, Germany), then 1.4 ml of distilled water was added, mixed and incubated for 1 hour and centrifuged for 10 min at 3,000 r.p.m then the clean supernatant was removed and used for determination of GSH levels.
Liver tissue for molecular gene expression
About 0.5 gm of liver tissue put in eppendorf tubes and were immediately kept in liquid nitrogen and stored at -80°C till RNA extraction for determination of IL-6 level.
Biochemical analysis
Serum ALT, AST were determined according to the method described by Schumann et al., (2002) and serum ALP activity was determined enzymatically according to EL-Aaser and EL-Merzabani, (1975) . Liver tissue L-MDA, MPO, SOD, CAT and GSH were determined according to the method described by Mesbah et al., (2004 ), Bradley et al., (1982 , Kakkar et al., (1984) , Xu et al., (1997) and Patterson and Lazarow, (1955) respectively. Moreover, the mRNAexpression level of IL-6 was determined by real-time quantitative polymerase chain reaction (real-time qPCR) analysis in liver of rats. Target gene was normalized with β -actin by used the 2 -∆∆Ct method (Livak and Schmittgen, 2001 ).
Statistical analysis:
The results were expressed as mean ± SE using SPSS (13.0 software, 2009) program. The data were analyzed using oneway ANOVA to determine the statistical significance of differences among groups. Duncan's test was used for making a multiple comparisons among the groups for testing the inter-grouping homogeneity. Values were considered statistically significant when p<0.05.
RESULTS
The obtained data presented in table (1) revealed that, metalaxyl intoxicated rats showed significant increase in serum ALT, AST and ALP activities all over the periods of the experiment when compared to normal control group.
Quercetin treatment to metalaxyl intoxicated male rats caused a significant decrease in elevated serum ALT and AST activities all the period of experiment, while a non-significantly increase in ALP activity after 4 weeks followed by a significantly decrease after 8 weeks of experimental when compared with metalaxyl exposed group.
The obtained data presented in table  ( 2) revealed that, metalaxyl intoxicated rats showed significant increase in liver tissue L-MDA, MPO levels and significant upregulation of IL-6 all over the periods of the experiment when compared to normal control group.
Quercetin treatment to metalaxyl intoxicated male rats caused a significant decrease in elevated liver tissue L-MDA, MPO levels and a significant downregulation IL-6 gene expression when compared with metalaxyl toxic group.
The obtained data presented in table (3) revealed, significant decrease in CAT activity in metalaxyl intoxicated rats after four weeks followed by a non-significant decrease after eight weeks of the experiment, associated with a significant decrease in SOD activity and GSH content all over the period of experiment compared to control.
Quercetin treatment to metalaxyl intoxicated male rats caused a nonsignificant increase in CAT and SOD activities after four weeks This increase became significant after eight weeks associated with a significant increase in liver tissue GSH concentration all over the periods of the experiment when compared with metalaxyl exposed group. Table (1): Effect of quercetin administration on serum ALT, AST and ALP activities in metalaxyl intoxicated male rats (U/L).
Data are presented as (Mean ± S.E).
S.E = Standard error. Mean values with different superscript letters in the same column are significantly different at (P≤0.05). 
Parameters
Exp. groups Mean values with different superscript letters in the same column are significantly different at (P≤0.05).
DISCUSSION
Metalaxyl intoxicated rats showed a significant increase in serum ALT, AST and ALP activities all over the periods of the experiment when compared with normal control group. Similarly, Abolaji et al., (2017) demonstrated that, individual administration of insecticide chlorpyrifos or fungicide carbendazim and their co-treatment caused liver damage evidenced by the significant increase in plasma ALT and AST activities when compared with the normal rat. The levels of some important biochemical parameters in serum are used as diagnostic markers of hepatic damage. One of the most sensitive and dramatic indicators of hepatocyte damage is the release of intracellular enzymes, such as transaminases and ALP. The elevated activities of these enzymes are signal of cellular leakage and the loss of the functional integrity of the cell membranes in liver which are always associated with hepatonecrosis (Naik and Panda, 2008; Howell et al., 2014) .
Elevated activities of AST and ALP were found to be related to damage in the liver and the change in hepatic functions (Kanbur et al., 2009 ). This elevation could potentially be attributed to the release of these enzymes from the cytoplasm into the blood circulation, indicating a necrosis and inflammatory reactions (Sidhu et al., 2014) .
Quercetin treatment significantly decreases ALT, AST and ALP activities, suggest that quercetin has a protective effect in rats with metalaxyl-induced liver toxicity. Similarly, David et al., (2011) showed that, treatment with quercetin for four days in rats intoxicated with thioacetamide promoted significant reduction in serum AST and ALT activities with successful avoidance of morphological alterations. Moreover, the administration route and the duration of treatment may interfere with the hepatoprotective effect of quercetin. Treatment duration impacts the effect of quercetin, and that periods longer than one week may be more effective to produce observable results (Behling et al., 2004; Bona et al., 2012) . Also, El-Shafey et al., (2015) reported that, administration of quercetin (15 mg/kg/day) for 21 days prior to a toxic dose of paracetamol cause significant decrease activities of AST, ALT, and ALP. The antioxidant effect of quercetin may be due to its higher diffusion into the membranes allowing it to scavenge oxyradicals at several sites via the lipid bilayer (Moridani et al., 2003) . It also can be resulting from pentahydroxyflavone structure allowing it to chelate metal ions through the orthodihydroxy phenolic structure thereby scavenging peroxyl radical and lipid alkoxyl (Cao et al., 1997) .
Presented findings showed that, treatment with metalaxyl in rats exhibited a significant increase in liver tissue L-MDA, MPO and significant up-regulation of IL-6 when compared with normal group control. These results were nearly similar to those recorded by Ahmed and Nasr, (2015) who found that, administration of imidacloprid insecticide caused significantly increased in brain tissue MPO activity when compared with normal rat. ROS are constantly generated during the metabolic processes of all living species (Sakr and Abel-Samie, 2008) . Under normal physiological conditions, cellular ROS generation is counterbalanced by the action of antioxidant enzymes and other redox molecules. Oxidative stress is potentially harmful to tissues, and ROS are produced as a reaction to pesticide toxicity, including fungicide exposure. In this regard, Sakr, (2007) suggested that, metalaxyl induced a significant increase in oxidative stress and malondialdehyde caused a significant decrease in the level of serum antioxidant enzymes, namely, superoxide dismutase and catalase in mice. Oxidative damage primarily occurs through production of ROS including hydroxyl radicals and hydrogen peroxide that are generated during the reaction and react with biological molecules, eventually damaging membranes and other cells (Heikal et al., 2014) . Lipid peroxidation has used as biomarkers of pesticides induced oxidative stress and suggested as one of the molecular mechanisms involved in pesticides-induced toxicity (Mossa et al., 2015) .
The observed increase of liver tissue MPO activity leads to stimulation of proinflammatory cytokine expression. MPO activates neutrophils and promotes their recruitment leading to an enhanced proinflammatory immune response (Klinke et al., 2011) , suggests that, as with other pesticides, metalaxyl may mediate its effect through the NF-kB pathway in the chronic phase of inflammation. NF-kB mediates the cellular responses to a wide variety of extracellular stress stimuli (Jung et al., 2014) , and upregulates the expression of cytokines, such as TNF-α, IL-6 and inducible nitric oxide synthase (iNOS) to initiate inflammatory responses and apoptosis (Nakamoto and Kanai, 2014). As well as activate them to produce oxidants including superoxide derived nicotinamide adenine dinucleotide phosphateoxidase (NADPH) and endocytose bacteria carried through the portal circulation (Moore et al., 2013) . NADPH may stimulate, in hepatocytes, the production of ROS (Bhogal et al., 2010 ) that cause DNA damage, induce apoptosis, the expression of genes involved in the synthesis of pro-inflammatory cytokines. INOS may stimulate hepatocyte toxicity by increasing the production of nitric oxide (Czaja, 2014) . The results from the abovementioned authors indicated that metalaxyl induced oxidative stress and inflammation in rats, which in turn led to observable toxicity.
Treatment with quercetin in metalaxyl intoxicated rats significantly reduced elevated liver tissue L-MDA, MPO and IL-6 level when compared with metalaxyl intoxicated rats these results came in accordance with the recorded data of, Bahar et al., (2017) who reported that, quercetin treatment to rats significantly down regulate NF-kB, TNF-α and IL-6 protein expression when compared to Mn-treated groups. Quercetin may reduce the generation of ROS by activated leukocytes and also may reduce the release of interferon-c from leukocytes. Interferon-c is partially responsible for inhibition of ROS production (Chirumbolo, 2010) .
Quercetin treatment lead to a significantly decrease in liver MPO activity. Similarly, Tinay et al., (2017) suggested that, quercetin inhibited lipid peroxidation and prevented MPO activity, suggesting protection against ischemia/reperfusion induced oxidative damage in rats. One probably mechanism of action for quercetin is the suppression of neutrophil recruitment into the site of injury and subsequent decrease in MPO released into the injured tissue (Schultke et al., 2010) . Quercetin antioxidant efficacy may be attributed to a high diffusion rate into membranes, allowing it to scavenge free radicals (Moridani et al., 2003) . In the present study, quercetin significantly decreased gene expression of IL-6. Similarly, Alahmari et al., (2017) reported that, quercetin was effective for inhibiting the elevation of IL-1β and IL-6, induced by arsenic toxicity. Quercetin inhibits inflammation through the down-regulation of the NF-kB pathway and lipopolysaccharide (LPS) induced production as well as the gene regulation of cytokines (Comalada et al., 2005) .
The obtained results demonstrated that, a significant decrease in liver tissue CAT and SOD and GSH in metalaxyl treated rats. These results were nearly similar to those reported by Abolaji et al., (2017) who reported that, exposure to insecticide chlorpyrifos alone, fungicide carbendazim alone and their cotreatment resulted in significant decrease in SOD, CAT and GSH level in the liver, kidney, and spleen when compared with the control rat. Under oxidative stress, GSH is depleted by GSH related enzymes to detoxify the peroxides produced due to increased lipid peroxidation (Cathcart, 1985) . Decreased serum glutathione level has been observed due to metalaxyl oral treatment in rats (Hashem, 2012) . SOD is enzyme that catalyzes the dismutation of superoxide radicals into oxygen and hydrogen peroxide. Thus, they constitute the first line of defense against ROS (Almeida et al., 2005) . Sakr and Abel-Samie, (2008) found that, mancozeb fungicides induce a significant decrease SOD in serum. the decrease in SOD activity might be due to the suppression of SOD synthesis due to a genetic defect, leak of SOD out of cell due to increase in the production of oxygen radical causing cell membrane damage and inactivation of SOD by increased peroxide level in cell (Suzuki et al., 1991) .
The obtained results showed that, treatment with quercetin in metalaxyl intoxicated rats significantly increased the reduced liver tissue CAT, SOD and GSH levels. Similarly, Bahar et al., (2017) reported that, quercetin treatment to rats effectively decreased ROS and increased Cu/Zn-SOD activity when compared to Mn-treated groups. Flavonoids and quercetin in particular, are potent antioxidants and known to modify the activities of different enzymes because of their interactions with several biomolecules. The cyto-protective effect of quercetin may also be due to its ability to interact with and penetrate the lipid bilayer (Behling et al., 2004) . Quercetin treatment activated the Nrf2 transcription factor in cell line (Bahar et al., 2017) . Nrf2 is a critical transcription factor regulating the anti-oxidant genes such as GSH, SOD and CAT by binding to antioxidant response elements (Barcelos et al., 2016) . It has been recorded that the upregulation of these enzymes due to Nrf2 transcription plays an important role in response to oxidative stress and contributes to the cytoprotective adaptive response (Zoja et al., 2014) . Quercetin may exert its protective effect against metalaxyl-induced hepatic toxicity in rats possibly through its antioxidant and anti-inflammatory mechanisms.
CONCLUSION
The present study demonstrated that, administration of quercetin ameliorate actions and deleterious effects caused by exposure to toxic metalaxyl fungicide. Pesticide toxicity affected different organs mainly liver and these occurred through affected in several parameters. Metalaxyl caused significant increase in serum AST, ALT, ALP and liver tissue L-MDA, MPO and IL-6, however, a significant reduce in liver tissue SOD, CAT and GSH. Quercetin treatment in metalaxyl intoxicated rats ameliorated all previous parameters towards its normal range with best result after 8 weeks. So, these results confirm the highly antioxidant, anti-inflammatory and hepato-protective effects of quercetin in metalaxyl toxicity. 
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